Abstract. After the war in Kosovo is highlighted by the construction of reinforced concrete buildings with flat slabs with no beams and no enlarged column heads .These slabs are subjected to punching shear failure of slab-column connections. Load concentration around the column head generally leads to increased stresses which cannot be absorbed solely in thin slab thicknesses. The punching shear strength is an extremely significant parameter for the design of flat slabs. Solution of architecture often imposes the necessity of openings near the columns .In this paper will examine the effect of openings in different positions and with different dimensions in the punching shear strength. The calculations performed in the punching shear application are based on the standard EN 1992-1-1:2004.
Introduction
After the war in Kosovo buildings are often constructed using reinforced concrete flat slabs with no beams and no enlarged column heads combined with punctual supports such as columns of varying cross section and slenderness. The advantages of flat slabs are easy solution of architecture design that enables flexibility in the movement of non-structural walls in the desired position, easy placement of equipment, and installation underneath the slab. But these slabs are subjected to punching shear failure of slab-column connections. Load concentration around the column head generally leads to increased stresses which cannot be absorbed solely in thin slab thicknesses. Punching shear has been the object of an intense experimental effort since the 1950s. During the 1960's and 1970's laboratory tests and extensive research were conducted. In most cases, the phenomenon is investigated by considering an isolated slab element. Solution of architecture often imposes the necessity of openings near the columns .In this paper will examine the effect of openings in different positions and with different dimensions in the punching shear strength. The calculations performed in the punching shear application are based on the standard EN 1992-1-1:2004.
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Punching shear
Punching shear is a phenomenon in flat slabs caused by concentrated support reactions inducing a cone shaped perforation starting from the top surface of the slab. Although generally preceded by flexural failure, punching shear is a brittle failure mode and the risk of progressive collapse requires a higher safety class in structural design. This paper gives a brief overview of the research and how punching shear of reinforced concrete is accounted for in Eurocode 2 (EC2). Design for punching shear is covered in clause 6.4 of EN 1992-1-1. An appropriate verification model for checking punching failure at the ultimate limit state is shown in Figure 1 . 
Verification in the limit state
Existing shear force in the ultimate limit state v Ed should not exceeded value of the maximum punching shear resistance v Rd,max .
(1) β = correction factor for non rotation-symmetrical load introduction v Ed = design value of the mean shear force applying in the considered perimeter 52 u = circumference of the considered perimeter minus the perimeter deduction due to the holes at a distance < 6•dm. In general, u = u0, as per NA Germany u = u1 v Rd,max =maximum punching shear resistance
w 1 corresponds to a distribution of shear as illustrated in Figure 2 and is a function of the basic control perimeter u 1 : 2 + 2πdc 1 (4) Where: c 1 is the column dimension parallel to the eccentricity of the load c 2 is the column dimension perpendicular to the eccentricity of the load For interior columns with a circular cross section, β is applied:
For an internal rectangular column where the loading is eccentric to both axes, the following approximate expression for β may be used:
results from a moment about the z axis and from a moment about the y axis. To take the eccentricity into account, a factor β can be determined with simplified assumptions according to Chapter 6.4.3 (EC 2). [4] 
Design criteria as per EN 1992 without punching shear reinforcement
Without punching shear reinforcement, the following condition must be satisfied in the control perimeter. 
Design criteria as per EN 1992 with punching shear reinforcement
Punching shear reinforcement is required, if the following applies:
The following equation as per EN 1992 (6.52) applies to each reinforcement row: 
Reinforcement cross section required by EN 1992
From equation (18) 
Holes (Openings)
Holes can be taken into consideration with all kinds and types of columns.The sum of the length deductions ΔUi [cm] describes the section of the inner perimeter at a distance of 1.5 • d m that is limited by the intersecting tangents of the cut-outs running from the column's centre of gravity to the cut-out perimeters. 
Case Study concrete slab with openings
The case study considers a concrete slab thickness of 20 cm with the concrete strength class C25/30 and the reinforcing steel B500B. Shear force resultant in the perimeter around the column is used V Ed = 365.3Kn which corresponds to realistic value in residential buildings using reinforce .We will examine the effect of openings in the punching shear strength with dimensions 15/15cm and 40/40 cm in different positions with ρ = 0.2% and ρ = 0.93% as shown in Table 2 . and (Fig.4) .The dimensions for square column is 40 cm while for circular column is ∅ 40 cm. 
Conclusions
In accordance with EN 1992, holes with a distance to the column edge smaller than 6 • dm are considered as decisive .The opening size and its distance from the face of columns and reinforcement ratio, have the significant influence on the punching shear resistance. The table 2 show that the punching shear resistance is inversely proportional to distance of the opening. Figure 4 shows the required punching shear reinforcement with vertical stirrups, for opening size 15/15cm and 40/40 cm for different distance of opening from the face of columns with average longitudinal reinforcement ρ = 0.2% and ρ = 0.93% . The required punching shear reinforcement area is inversely proportional with reinforcement ratio . The shape of the columns, i.e. square or circular, influence in the punching shear strength.The square columns had about 10% higher punching shear strength than the circular columns.
